Abstract Skinfold thicknesses are used as valid anthropometric indicators of regional body fatness. Actual populationbased values for skinfold thicknesses for Polish children are not available. The purpose of this study was to provide populationbased values for triceps, subscapular, and abdominal skinfold thicknesses in healthy children and adolescents. A total number of 17,416 boys and girls aged 6.5-18.5 years, randomly selected from whole Polish population of children and adolescents, -012-1717-5 were enrolled in the study. Skinfold thicknesses (triceps, subscapular, and abdominal) were measured using Harpenden skinfold caliper. All measurements were taken after the training of participating investigators. The LMS method was used to fit percentile curves across age for each skinfold. Q tests for fit were used to assess the global goodness of fit of our final models. The study shows for the first time smoothed populationbased values of body fat distribution indices for Polish children and adolescents 7-18 years of age. Reported skinfold centiles are higher compared to previously established for Warsaw children and very close to the actual US data. Conclusion Our study provided for the first time population-based values for skinfold thicknesses evaluation in a way allowing to calculate reliable Z scores. The early detection of abnormal fat stores, using our population-based values and respective Z scores, may be now implemented for practice.
Introduction
Skinfold thicknesses evaluation, due to its low cost and noninvasive procedure, is one of the most widely used anthropometric methods for assessment of nutritional status during growth and maturation period [7, 10, 23, 25] . Excess fat, as assessed using skinfold thicknesses, is associated with abnormal concentrations of triglycerides, increased low-density lipoprotein cholesterol, reduced high-density lipoprotein cholesterol, and insulin resistance; all factors markedly increasing risk for hypertension, metabolic syndrome, and cardiovascular disease [8, 21] .
Skinfold measurements have low precision error but should be done by well-trained personnel [23] . In practice, the magnitude of precision error largely depends on the skills of examiner conducting examinations, however is low compared to variability observed between subject [24, 25] . Skinfold thickness assessments are also utilized to identify individual body somatotype, enabling estimations of body density and lean body mass [14, 22, 25] . 
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Boys-triceps Girls-triceps a Reliable determination of references (medians and percentiles) for a given skinfold thicknesses requires a large set of healthy subjects [1] . Previous methodologies used empirical percentiles according to sex and age groups. Recently, the reference values based on smoothed curves across the age groups are favored. The most preferred method to establish references is LMS method. Box-Cox transformation allows transformation of data to normality by a suitable power transformation. Standardized Z scores can be calculated from transformed data [4, 5] .
Actual population-based references for skinfold thicknesses are not available for Polish children, and local data are limited to urban regions, including the cities of Warsaw and Cracow [2, 18] . Further, the data from Warsaw study were collected more than a decade ago, comprised only children living in the city area, and reference data were developed using outdated statistical procedures that not allowed to calculate Z scores. The references from Cracow study were collected 9 years ago and as well as in Warsaw comprised only urban children. Although, the Cracow data were established by LMS method, Box-Cox transformation power (L value), median (M), and generalized coefficient of variation (S value) were not published; therefore, calculation of Z scores was not available. Since skinfold thickness evaluation is still considered as useful method for assessment of nutritional status during growth and because actual and appropriately established references are missing for Polish population, the purpose of this study was to provide population-based values for triceps, subscapular, and abdominal skinfold thicknesses for children and adolescents aged 7-18 years.
Material and methods

Population
The analyzed data were collected in the course of the OLAF study in which the reference blood pressure ranges were elaborated for Polish children and adolescents. The study sample comprised data collected between November 2007 and November 2009. Study participants were randomly selected using two-stage sampling. Primary units (schools) were sampled from an all-schools-in-Poland sampling frame; sampling was stratified by urban/rural area. In the second stage, all pupils in the required age range within the sampled schools comprised the sampling frame. Pupils in schools were selected for the survey by stratified random sampling, the stratification variables being classes. The medical history of the study participants, including past and present diseases, as well as medications used, was taken from the parents. The general health status of each subject was assessed by a physician. Exclusion criteria was as follows: infection with diarrhea leading dehydration, absence of right upper limb or phocomelia, dwarfism, cachexia, Cushing syndrome, renal failure, heart failure, hepatic failure, etc., organ transplantation, systemic diseases, malignant cancer, Turner syndrome, Down syndrome, etc., systemic glucocorticoids use, and pregnancy.
All subjects and their parents (in the case of subjects under 18 years of age) gave their informed consent to participate in the study (subjects over 16 years of age and parents gave written consent). Ethical approval was obtained from Ethical Committee of The Children's Memorial Health Institute before the study commenced.
A total number of 17,416 boys and girls aged 6.5-18.5 years with measured at least one skinfold thickness were enrolled in the study. The response rate was 0.71. We excluded small number of outliers (7 for triceps, 21 for abdominal, and 13 for subscapular) following ±5 standard deviation criteria as was done by other authors [1, 11] . Characteristics of studied group were presented in Tables 1 and 2 .
Measurements
The OLAF study (PL0080) was carried out in 416 schools (325 cities, countries, and villages) covering all regions of Poland. Measurements were conducted in school nurses' offices from 8:00 a.m. to 3:00 p.m.; room temperature was in range 20-26°C. All measurements were taken by centrally trained staff: anthropologists, nurses, public health professionals, and physicians using the standard and calibrated equipment from the same manufacturer. Body height was measured in the standing position using stadiometer (SECA 214). Body weight was measured using medical scale (Radwag WPT 100/200). Body mass index was calculated as body weight divided by height in meters squared. The exact age of each participant was calculated from birth and observation dates.
Skinfold thickness measurements were performed by lifting a fold of skin and subcutaneous fat away from the underlying muscle and bone. Each skinfold thickness was measured in duplicate with Harpenden skinfold caliper. When a difference between the first and the second measurement exceeded 6 mm, a third measurement was taken. The triceps skinfold was lifted parallel to the long axis of the body, midway on the back of the hanging freely right upper arm. The subscapular skinfold was lifted horizontally below the tip of right scapula. The abdominal skinfold was lifted diagonal midway between umbilicus and right anterior superior iliac spine.
All measurements were taken by centrally trained staff. The training consisted of workshops for study teams, during which the standardized measuring technique was presented (lecture, visuals) and taught (practical exercises). Following the workshop, in-the-field standardization sessions were conducted according to the standardization protocol. Reliability of skinfold thickness measurements between the trainer and the study staff was recorded. After 10 months of conducting the study, re-training of study teams was carried out.
Statistics
The LMS method [4] was used to fit percentile curves across age for each skinfold. LMSchartmaker v. 2.43 (Medical Research Council, UK) [20] was used to derive the smoothed percentiles. The LMS method uses polynomial splines to fit smoothed curves: L (Box-Cox transformation power), M (median), and S (generalized coefficient of variation) across age by maximized penalized likelihood [5] . The smoothed percentile estimates and the L, M, and S parameters were derived from raw data, separately for each skinfold and sex, in a single-stage modeling. Q tests for fit [19] were used to assess the global goodness of fit of our final models.
Results
The smoothed percentiles for triceps, subscapular, and abdominal skinfold thicknesses are presented in Fig. 1 for boys and girls, separately. In girls, median for triceps skinfold thickness increased from 10.4 mm (6.5 years) to 15.6 mm (18.5 years) with plateau between 10 and 12 years and maximum (15.6 mm) at age 17.5 years. Ninety-seventh percentile increased from 20.5 mm at age 6.5 years to 27.9 at age 18.5 years with maximum (28.7 mm) at age 16.5 years. Plateau occurred between 10.5 and 12.0 years. Median for subscapular skinfold thickness increased from 10.0 to 11.8 mm for 6.5 and 18.5 years, respectively, and 97th percentile increased from 19.0 to 27.9 mm for the same ages. Median abdominal skinfold thickness increased from 6.6 mm (6.5 years) to 16.0 mm (18.5 years), and 97th percentile increased from 22.4 to 33.0 mm for the corresponding ages, respectively.
In boys, age-dependent changes and shape of percentile curves were more complex. Local maximums at age 11- Fig. 1 (continued Girls-abdominal Boys-abdominal c 12 years occurred for most of the percentiles of all skinfold thicknesses. For triceps skinfold thickness median increased from 9.2 mm (6.5 years) to 11.3 mm (11.5 years), then decreased to 9.1 mm (16.0 years), and then slightly increased to 9.4 mm at age 18.5 years. Ninety-seventh percentile increased from 19.9 mm (6.5 years) to 28.8 mm (11.5 years), then decreased to 22.8 mm (16.5 years), and then slightly increased to 23.2 mm at age 18.5 years. For subscapular skinfold thickness, median increased from 5.5 mm (6.5 years) to 9.5 mm (18.5 years), whereas 97th percentile increased from 13.9 mm (6.5 years) to 31.8 mm (11.5 years), then decreased to 21.4 mm (16.0 years), and then increased to 24.7 mm (18.5 years). For abdominal skinfold thickness, median increased from 5.9 mm (6.5 years) to 9.7 mm (12.5 years), then very slightly decreased to 9.5 mm (14.5 years), and then increased to 10.7 mm at age 18.5 years. Ninety-seventh percentile increased from 22.8 (6.5 years) to 39.1 mm (12.0 years) and then decreased to 33.3 mm at age 18.5 years. Smoothed LMS parameters across age for all measured skinfold thicknesses by sex are shown in Tables 3, 4 , and 5.
Discussion
This study is the first and the largest study of skinfold thicknesses based on a randomly selected sample of 17,416 boys and girls aged 6.5-18.5 years from both urban and rural areas of Poland. The study enabled to calculate and provide a reference data for skinfold thicknesses, as noninvasive estimators of fat stores in Polish children and adolescents aged 7-18 years. As expected, our results revealed gender-related differences between boys and girls for triceps, subscapular, and abdominal skinfold thicknesses. In girls, percentile curves showed constant increase with age. In boys, subscapular, triceps, and abdominal skinfold thicknesses also increased with age; however, in contrast to girls, maximum values were noted in groups aged 11-12 year and then skinfold thicknesses returned to the values preceding the pubertal spurt. The same finding was already reported in previous studies from Warsaw [18] , Cracow [2] , and in other populations; however, the phenomenon was mostly evident for triceps skinfold thickness and in less extent for subscapular and abdominal skinfolds [1, 6, 9, [15] [16] [17] . Further, our study showed higher percentile and median values than previously reported in Warsaw [18] and Cracow studies [2] . The highest differences were observed for 97th percentile and ranged from 4 to 18 mm for peaks of skinfold thicknesses and from 2 to 13 mm for minimums. The increased skinfold thicknesses observed in our study highly likely reflected a secular trend in obesity noted during the last decades in Polish population [3, 12] . Furthermore, skinfold thicknesses noted in our study appeared higher than in Dutch [9] and Turkish [17] population. However, the Dutch study was conducted in years 1979-1980, when secular trends in obesity were considered as not very evident [9] . Although the Turkish data were collected in 2005 year, the study comprised population with very low prevalence of obesity [17] . To our knowledge, the highest normal skinfold thicknesses so far reported in literature were established in a representative sample of Spanish adolescents aged 13-18 years [16] . Nationally representative percentiles for US children and adolescents presented only slightly lower values [1, 6, 15] than Spanish data. Our study results appeared similar to US data.
The main limitation of our study is related to its crosssectional design. Body fat indices in growing children should be rather obtained in longitudinal studies showing longitudinal changes in individual growth and development.
The strength of our study was that examined data were sampled in a random manner from whole population of Polish children and adolescents. Further, intra-observer as well as inter-observer measurement errors were considered as low and satisfactory (data not shown due to large number of investigators participating in this survey), and collected data were verified and checked for outliers. Moreover, the total number of subjects (17,416 boys and girls) allowed reliable determination of medians and percentiles [1, 4] . Finally, our data based on a nationally representative sample of Polish children and adolescents enabled for the first time precise evaluation of skinfold thicknesses using Z scores. In agreement with others [4, 13] , we strongly recommend the calculation of Z scores corresponding to the percentile rankings, using the following formula: Z0{(skt/M)L−1}/LS, where skt indicates actual skinfold thickness. In the case of L00, as noted for abdominal skinfold thickness in girls (Tables 3, 4 , and 5), Z score value should be calculated as: Z0log(skt/M)/S. The last formula should be also used for L between −0.01 and +0.01 [4] .
In conclusion, our study based on randomly selected sample of 17,416 healthy children and adolescents from Poland provide for the first time population-based values for skinfold thicknesses evaluation in a way allowing to calculate reliable Z scores. In consequence, the early detection of abnormal fat stores, using our data and respective Z scores, may be now implemented for everyday clinical practice.
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